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FOM0RD

This report and handling mnual was prepared by the

Solid Propulsion Section of the Rocketdyne Research

Department and the Industrial Hygiene Unit in par-

tial fulfillmsnt of Contract A104(611)-8179, Space
Systems Division, Edwards Air Force Base, Air Force

System Conmnd, United States Air Force. A com-

panion technical riport issued simultaneously as

Volume 1 severe experimental resuits nbtained with

beryllium propellants.

Personnel contributing to this report were:

K. R. Regier, R. B. Gordon, D.R.V. Golding,

J. R. Glantz, H. Weiss, C. N. Bernstein, and

G. C. Stuckenbruck.



ABSTRACT

This report outlines the purpose, objectives, and

results of the iau•.,.1*ai hygione pi-ogrom coniaucted

in support of Contract AF04(611)-8179. A detailed

description of the facilities and methods utilized

for the control of beryllium during the production

and static teit firing of beryllium-containing pro-

pellants Is presented. Environmental sampling data

as well as the dats collected from a downwind sam-

pling network are included. The data demonstrate

the feasibility of producing &nd static test fir-

ing beryllium-containing propellants.
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INTRODUCTTON

Two tacks are specified in Contract AF'04(611)-817q for the development

of high-energy solid prouellant formulations containing beryllium. Task I

was delineated as induste.,al hygiene to cover all phases of the develop-

ment program. Included in Task I in the preparation of a toxic materi-

als handling manual to provide information on the handling and use of

beryllium in various propellants. Task I! involves the technical task

of propellant development and is discussed in Volume 2 of this report.

For ready reference and orientation purposes, Task I of the experimental

program is reproduced in detail below.

earlier work la the industrial hygiene area is included in the previously

issued quarterly reports for this program (Ref. 1 through 3).

TASK I: INDJSTRIAL HYGMME PROGRAM

1. Determination of the beryllium concentration in the

atsosphere in the neighborho-d of the plant shall be

made for both long term and peak load cycles. Soil

-4amples shall be taken at periodic intervals in the

neighborhood of the plant and subjected to analysis
Le determine the beryllium concentration. Working

conditions and plant effluent3 will be monitored on

ai r'utine basis.

2. Program plans in the over-all area of industrial

hygieue and testing procedures shbll be roordinate#
• -:zh the Surgeon, Deputy co under Aeromimee Sy4twv,

AISC, U.1AF, AttPntion: CXaptain fNen Kittilitad,

Ai r F,,rerp Rocket Propui i ,,n [-b oritory ((I-(1.00)

f)..vpI*Jpr.nt.) (alql)- ), * thro,,.(h th.' Przr,,.-rm1

l'.,ritractilig pri ' i .r tro,,r , initi at .,i .f ' ar



1.o B1EBtYILI1 I"0, PELIANT FACIiTIT| II

1.1 Introduction

"Sovornl ypers ago, lincketdyno initiated a study of the iise of

beryllium in dolid prope.lsintv. It was decided to builh! research

facilities which unuld allow for easy expansion to handle devel-

opment-size inotorn. Two appro.clnes were selected: (1) to have

laboratory-scale (up rto I pound of propellant) formulation and

test capability at the Propulsion Field Laboratory, Santa Susana,

utilizing containment chambers whenever possible, and (2) to

have unconfined larger-seals, mixing and firing in a remote por-

tion of the Nevada Test Facility.

1.2 Propulsion Field laboratory, Santa Susans

1.2.1 The beryllium facility at the Propulsion Fikld Laboratory con-

sists of a formulation building and a unique containment system

for both mixing end firing. The laboratory (shown in Fig. I

and 2) is utilized only for handling beryllium-containing pro-

pellants and ingredie.L, qnd in used for slurrying beryllium

metal powder into binder, propellant casting, motor preparation,

and preparing physical test specimens. Equipment for conduct-

ing special tests such as burning rate, compatibility, and heat

of combustion also are located in this laboratory. All work

with beryllium powder is done in a dry box and a hood so M.'aat

the powder is kept within the confined areas. Bloth the dry box

and the hood are attached to a suction blower which pulls the

air through two high-efficiency filters. The output of the

blower has been monitored, and the results have indicatpd that

the filters are greater than 99% efficient.

1.'2-.2 [he prop.LIlaunt mLxing and firing qysttem is l,,r'te~d near the

,,ryllirm l:aboratory. lu,)th the. mix.r (i5,k,.r-Perkin-. vrti,'sIl;

i-p. t , a, a'a, aty) 31,,d the f., i r, in,,g jt;ar- d (2- • . .h-i ,amet, r al, i . , ic

",iojt r) it-* -mpletply eyurr I uedti 41rog jj,-tjjn. 1HIO "Xhau14t

t.''.,. *, f inarg v,-n i thr-j~ Ow . -u ~ fir-, ris

* ir'' ' rl rin ,f the -, r:,l i .i ~ *-i r !, jy hi-tir.t
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system. I'he nixet containment chamber also vents through the

same two surge tLanks which are so sized that. in case oif it mixer

fire, all the gaises would be scrubbed and filtered before

release to the atmosphere. All of the water from the spray

chamber, an well as all wash water from the area, is returned

to a large catch tank where it can be decontaminated prior to

disposal. The mix cycle and the motor firing sequence are oper-

ated from the nearby sealed blockhouse control room. The

facility is shown in Fig. 3, and the details of its construction

are shown in Fig. 4.

1.2.3 All operations in the beryllium facility are conducted under

strict industrial hygiene control. The operators wear a com-

plete set of protective clothing and have respirators available

for instant use should emergencies arise.

Each operator showers before leaving the area and prior to

dressing in his street clothes. Continuous air samples are

taken during all operations in the area.

1.3 Nevada Test Facility

1.3.1 The existing solid propellant research facility in Nevada was

desigred to conduct propellant processing and testing on a

pilot-plant stele that would be too hazardous or involve quan-

tities of hazardoua materials too large to be handled at the

Prop~ulsion Field Laboratory. Uherp it i.i necessary to handle

more than !-rmund grains of beryllium propellants, the program

i. ,',cducted at the Nevada facility.

1.3.2 Die. Nevada facility i!, shoun in Fig. 5, and a photograph of the

re.a iA .•| ,o•n in Fig. 6. rhe buildi iugq were d,. signed as the

Itr-At tag,. ini the ,l,,,ve lilmnt (if an ladvanrcmd high-energvy Auii~l

i.r, -I, alit facilityL . Ilii., building-4 1hii li have been ct-nle.m i.,td

.r , l ll it ,i I I i 1i1i4.' 1it 1 i g. 5. Ihio hiilu Id I gli -|l,1,n ii

!-I1113 i1., ,lui,' l f,,r .•i - I ,l . n t, i i ii . .i r fit!j, I .,
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1.3.3 The existing facility is designed around a reinforced concrete

blockhouse which has been designed to serve as the control cen-

ter for the static test stands. rho building is provided with

an oscillograph and strip-chart recorders and television moni-

tors. Control cables connect the control center to the static

test cells to facilitate remote test firings.

1.3.4 The interior of the mixing and casting building facility (Fig. 7)
can be controlled from within the building behind a concrete

barricade. The mixing facility consists of a two-room building

*eparated by an 18-inch reinforced concrete wall. One of the

rooms is the mix cell which now contains a 1-gallon vertical

Baker-Perkins mixer and a dry box for the transfer and weighing

of beryllium powder. The walls of the bay are of light con-

struction designed to coaw apart in case of aw..xplosion. The

other room contains the mixer controls and facilities for pre-

paring and weighing propellant ingredients.

1.3.5 A curing building, three storage magazines, and a storage build-

ing complete the existing solid propellant facilities. A utility

building contains a well, pumping equipment, and standby elec-

trical generators. The facility has been laid out on a quantity-

distance basis of 400 feet between each building. This distance

provides for a much greater propellant safety capability than

can be achieved in the present buildings at the Propulsion Field

laboratory.

1.3.6 rhe remote location and design of this facility permits the

testing of beryllium propellants without the use of contaiument

tamnks and scrubbers. During static testing of beryllium-c. ,.-

ftmining motors, the operating personnel %ill be in the ctntrol

, enter, uhi(h (';in be sealedi inti I thep .urro,,nding aatm-n4p1h.ra(

.I l'i4114 1 is cleaor.

111.7 l1,, O- L 111it • 41|j l i l ('011nt a 1111 tWOe skt.at3 'it. t. Is C i1r j ,l a f t.or

r s- pa .a t,*i a ro,,. I .- i 4 ..4 inil Ie I ,whltc 1 .I *1 j ),'r I' r,', 1).1- ,It Il

t lisI , I I. N.,1t r1 l1 ,1 II U p*r . ' . '. l I I' '• , r 4 r ! ./ .i. ! ' t Iil fli

I. •! }i ~ ~ ho 14l -li •1r lte l|.l I •-i - tiOl, I J-PAl~ 1,,"s ll I I I.•
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and wos designed to handle motors containing up to 10 pounds of

propellant, rho thrust stand is shown in Fig. 8. A simulated

altitude vacuum chamber and diffuser system has been installed

in the other test bay. A series of 15-pound motors containing

a beryllium propellant has been fired at this facility under

the current contract. These tests are conducted under close

supervision of the Air Force and Rocketdyne Industrial Hygiene

& Safety personnel, and the spread of beryllium contamination

is being studied by means of various sampling techniques. later

sections of this report will cover the results of the sampling

program.
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2.0 PIYSIOCIHEICAL PROPERTIES

2.1 rhe Physiochemical properties of beryllium and beryllium oxide

are given in Table I.

TABLE I

PROPERTIES OF BERYLLIUM AND BERYLLIUM OXIDE

Property Be BeO

Molecalar Weight 9.013 25.0

Boiling Point, C 2970 3900 (approx)

Melting Point, C 1278 2530 :tu

Density, g/cc 1.85 3.025

Heat of Combustion, kcal/g 17.2

2.2 Beryllium and beryllium oxide may be considered to be insoluble
in water. Deposition of either coapound in natural or potable

vater supplies would lead only to minute quantities of the

material remaining in solution, although concentrated suspensions

my occur. Other beryllium compounds my be highly soluble in
water, resulting in excessive concentrations in the water. How-

evpr, such soluble compounds are generated by the compositions

currently being studied in only minor quantities.

2.3 Finely divided particles of metallic powders my spontaneously

ignite and burn if dispersed in air, producing beryllium oxide

fumes. However, pyrophoric powders of beryllium are believed

to be leds than 0.1 micron in size. Current studies at Rocket-

dyne are being conducted to determine the pyrophoricity ,if such

powders. Ultrafine particles must be handled only in inert

astmodpherei to prevent dispersal and ignition. Poirticles dis-
perked in jir tend to settle at a velocity which is a ftimrtin

ft' (fie ,lidm.ete*r atd der~ity of the. lairticl,. . 'bus, |eiavily ron-

t. inhiiate.d atmisjlif-.ri-. uf airb oirne jarticrJi at,.i includiniKe bo.rylli jun
-III f.tltt ~aelit -4 C ',ed t.i) fit- ".4eIf-J eir ify ivlg " :,t't t.r volerveri j,'re ,,| 4

,,| f. I 4. l i, ,.p,.Ii.|i e ,eplau f.1a,. ht , nv reene 'uet.,iei c I IW IIj 1. 1 .4. '4



2.4 IBeryllium metal has a higaer he•t of combustion per unit of

weight than any other element except hydrogen. The 17.2 kcal

produced per gram of material is considerably greater than the

heet of combustion for boron and lithium. The implications of

this high beat production per unit of weight in the propulsion

industry is self-explanatory.

2.5 Standard grade beryllium powders are commercially available with

a composition of 97.4 to 99.0% beryllium. A major portion of

the impurities is beryllium oxide, although trace. amounts of

carbon, iron, aluminum, silicon, and magnesium may be present.

The rev powder may be purchased in various particle size diatri-

butions.



5.1) IIAZAIUL418 PROI'RTTES SLU~NARY

5.1 Phyviological Effects

1.1.1 Beryllium and certain of its co•mpounds are highly toxic whon

inhaled into the respirstory .ystem. Continued inhalation of

relatively minor quantities of these compounds may result in

acute or chronic respiratory damage, rho more severe form of

the disease (berylliosis) may develop many years after the exces-

sive exposure has taken place. Clinical detection of the disease

auring the early phases is difficult. The primary method of con-

trol depends upon limiting the respiratory intake of the various

compounds.

3.1.2 Soluble beryllium compounds may cause dermal effects when in con-

tact with the skin of operational personnel. Impregnation of the

material under the skin may result in the formation of skiw

lesions. The dermal effects of contact with beryllium are readill

controlled by high standards of personal hygiene. Also, approp-

riate medical care must be available for corrective treatment.

3.1.3 Limited evidence exists which indicates that beryllium has low

toxicity when taken into the gastrointestinal tract. The effects

of ingesting food or water containing beryllium appear to be

minimal.

3.1.4 Considerable literature is available regurding the physiological

effects of beryllium on the body. More detailed information can

be found in the documents listed in Appendix A.

1.2 Cuontrol Standards

1.2.1 Similar to many toxic material.4, certain minimal quantities of

bi-rylli im may be deposited in the reipiratory 4ystem without

priltv'in g any atilvprsp pllhy,'4 olgiviil ffee t'. In gen,.ral, O.h..

. MowsI In•iry f'.rac t. ('.11 to lc'r1n te tL i 4ma itmil I qicL etiLy w l, thieit pro-

1 1 '11 it, -. it Its,' -4 f or :•'.;lnvy i fJ r i I !n e C~e r I A w,1 • h,,ryIf 0. I ,I I 'I



.5.2.2 The minimu. medical and industrial hygiene standards for the

propellant industry of the Air Force Rocket Propulsion Laboratory

(IUlPFO), Air Force Systems Comnd, LSAF, Edwards, California,

are given below:

IALTH AND SAFETY APPENIX

A. In-Plant Recomendatione

1. The average in-plant atmospheric beryllium concentration

should not exceed 2 micrograms per cubic meter. It the

result of the daily weighted average concentration, com-

puted on a quarterly basis, for any occupation exceeds the

2 a.J. 3 , but is less then 5 a./]., the contractor will sub-

mit plans for necessary corrections for Air Force approval

and provide all personnel exposed in this area with approved

personal respiratory protective equipment. If the daily

average concentration exceeds 5 Pa/jU, the operation in

question vili be bhlted until the necessary improvements

can te accomplished. A daily average concentration exceed-

ing 2 pa/] 3 will not be permitted to exist for a period

exceeding 60 days, except with the specific approval of the

Air Force. This approval will be granted only in the event

that satisfactory procedures for reducing the concentrations

to below 2 pg/gm 3 have been accepted by the Air Force.

2. In the event that a single air sample shows a concentration

in excess of 25 fg/rn within the operating ares, but is less

than 100 jig/0 3 , all exposed individuals will be provided

with personal respiratory protection approved by the Air

Force and the Air Force will be notified of steps which are

being taken to eliminate the high concentratioe. If the

co)ncentration excpte.d 100 pg/m 3 in s single "ample, opera-

tion, will he. liltedl #end the necesntary correctionx made. to

r,,0-1ice jit , 'rliirt 4 c, Pei fntr t. i a*i4 itt this m atg14 10 1)) tll t0 hOI.| Ow

2j M /g ./M a ItI iit ,. - t4o I ,i'u,.€..ntr:at o •e ,b,; vi .lit . JRg/ In ).
l,,. r* l, .,I L Led 1 ,'11 V I t f'ir t, port,,,i ,.x[,!,.• ing #j,! dl yiy with,,,ise

17



'he .pectitc approval of the Air Force. bhis approval will

be granted only if steps have been undertaken which can be

expected to provide a satisfactory reduction in air

contamination.

B. Out-Plant Recommendations

1. In the neighborhood of the plant handling beryllium com-

pounds, the average concentrations at the bieathing zone

level should not exceed 0.01 micrograms per cubic meter.

Ln the event that the mazism average neighborhood concen-

"tration at the ground during any calendar month, an deter-

mined on a monthly basis, exceeds 0.01 AR53 , but does not

exceed 0.05 W/Ma, the plant will be expected to inform the

Air Force of specific procedures which will be undertaken

to reduce the airborne concentration. In the event that

the concentration exceeds 0.05 Pa/rM, operations will be

immediately halted and the necessary corrections made to

reduce the average concentration to below 0.01 PW/n 3 . In

any event, concentrations above 0.01 Wa/O will be permitted

to exist for not more then a 60-day period unless specific-

ally authorized by the Air Force. Such authorization will

be forthcoming only if steps are being taken which are

expected to result in a satisfactory reduction in effluent

material.

2. A maximal concentration of 21 Pg/nm3 for 30 minutes (i.e.,

710 /ga-min/m 3 ) my be used as a finite number which can be

introduced into diffusion prediction formula to estimate

the downwind toxic aerosol exclusion radii from a beryllium

propellant combustion cloud when siting facilities.

C. Medjcio l Sulii* . rvi• I| 4i ,

fhei'e .:4Io uld be. o medicail iJro, ruw itipprvi-•,,l by it [|yniviall ti ,

,',ver it I "..,|ik r4 •'.hl maly hf. p|t,, L i it I I y ,Xljio.,l t.,o ,.iry I I itw

.1111f it.q r ,, |-m limtif14. .% ,,,u,, l -it, Im,',i,',111 W'lill ii ,l I i th pa.r,-

|.L Ii ,i " ll.tr .,t lln t ,,l 1,4111 to| l. -10| , 111,'11111111-V ' 4V "4 -4•, W11 ' I JJ i,V 1, 'l t,

,jei t 4 . "nl aatl iiaI Al | •,1 I.. L a41 t -all1f.I *1 . l beryl1 111.1 h lt. r 'l c t.i '.114

t~ii~iil~ii t~fa~i~i..Ilf~d id L~a 311. j.iýiiir Vi4'n ~ I I. a.r .



periodically (at least annually) thereafter, including a terma-

natibn of employment physical examination. A 14-inch by 17-

inch cheat X-ray vill be taken at each one of these *eaminaticns

and retained for future reference. If there is any evidence

that an individual has chronic beryllionis poisoning, such an

individual should be excluded from any future exposure to beryl-

liun compounds.

D. SamulinE Repuiremente

1. An environmental sampling program will be submitted for

approval by the Air Force Rocket Propulsion laboratory (31o1),

AFSC prior to the initiation of any operations involving the

use of beryllimi/beryllimu compounds under this contract.

This program must permit the evaluation of peak and long-

term exposure conditions both in the plant and in inhabitad-,

off-site areas. Provisions for obtaining maximal exposure

information in the event of an accident such as a production

fire or detonation should be included.

2. Meteorological instrumentation for quantitative establish-

ment of data to minimize downwind toxicity hazards will be

provided prior to operation of the site. The "Operating

Procedures" must provide for utilization of these data in

determining when firings may be conducted.

E. Program plans in the over-all area of industrial hygiene and

tehting procedures shall be coordinated with the Surgeon,

Deputy Comander Aerospace System, AFSC, USAF, Attention:

Capt. Owen U. Kittilstad, Air Force Rocket Propulsion Labora-

tory (ILPFOO) (DCD-l), Edwards Air Force Base, California,

through the Procuring Contracting Officer prior to initiation

of -ffort.

t ')



'4.0 PROWEUANT PRZiARAION, 141lMG. AND

CASYDIG--NEVADA FACILITY

*4.1 Facilities and Equipment

4.l.l The preparation of propellant which involves beryllium powder

handling, the mixing of the powder with the binders and oxidizer,

and the displacement casting of the completed propellant formula-

tion are conducted in the mix and cost building (Fig. 7). The

beryllium powder handling and weighing in accomplished in a speci-

ally constructed glove box ventilated to the outside atmosphere.

Two Cambridge filter-blower units were utilized to exhaust the com-

pletely contained box. An access port on the bottom of the box

can be opened to permit transfer of the weighed powder to the mix

pot which was placed in contact with the bottom of the glove box.

A gasket seal prevents air leakage between mixing pot and glove

box. A sketch of the glove box in shown in Fig. 9.

4.1.2 The vertical propellant mixer contains a remote mechanism to

lower and raine the mix pot into the desired position. When

closed, the mixing area is completely contained from the breath-

ing atmosphere.

4.1.3 Following intimate mixing of the ingredients, the formulation has

a dough-like consistency with little opportunity for the contained

beryllium to become airborne. The casting is conducted in a

closed system in the same room as the weighing and mixing.

4.1.. One wall of the preparation room is a concrete blast well between

the mixing area and the mixing control room. During many opera-

tions, the double doors to the mix cell are opened to provide

dilution ventilation to the cell interior.

4,.2 Operational Procedures

4,.2.1 All personnel entering the mix bay during propellant preparation

are required to wear a complete met of protective gear including

n filter-e.ype respir~ator. (See paragraph 11.2.2).
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'..2.2 Powder-handling techniques involve the weighing and transfer of

the powder to the mixing pot. The mix pot is covered with plastic

and removed from the glove box after the access port has been

closed. The covered pot is transferred to the mixer and placed

in a position to be raised. The mix pot in raised in position

remotely from the adjacent control room. Some powder dispersal

was noted when the blades first contacted the powder as the mix

pot was raised into place. When locked in position, the mixer is

completely contained.

4.2.3 Following mixing, the propellant is transferred to the casting

equipment where it is cast into the desired configuration. The

mixing blades and pot are scraped to ensure that all the propel-

lant is in the mold. Displacement casting of the propellant is

conducted remutely from the mix bay control room. The completed

grain is permitted to cure in the curing building or in the fir-

ing bay.

4.2.4 The decontamination of the equipment in the preparation cell is

conducted while personnel are wearing a complete set of protective

apparatus. All decontamination is done vet to reduce the gener-

ation of airborne beryllium dust. (See paragraph 12.0).

4.3 Environmental Data: Preparation Area

'..3.1 Thirty-seven air samples were collected and analyzed in the mixing

bay of the mix and cast building during motor fabrication. Nine

samples were collected during beryllium handling in a covered

plastic container prior to installation of the ventilated glove

box. The remaining 28 samples were collected after installation

of the ventilated enclosure. Table 2 compares the air sampling

results before and after the installation of the ventilated

co'ta inment.



TABLE 2

NIX BAY AW3MZ BIRYLLIM CONCENTRATUGN

Average Maximum Minims
Number of Concentrat an, Concentration, Concentration,Location Samples WJ Be/o§ p Be/3 Mg Ba/i3

Mix Bay 9 14.6 59.5 0.97

Mix Bay 28 0.93 10.4 0.003
(vith venti-
lated con-
tainment)

4.3.2 In addition, 29 samples of the atmosphere were collected in the

control room of the aif building. No respiratory protection wag

required in this area, although the respirator vas readily avail-

able for use. Table 3 summrizes the results of the airborne

contamination found in the mix building control room:

TABLE 3

MIX BAY CONTROL ROOH AI0RN3 BMYLUM CONCENTRATION

Average maximum Minimum

Location Number of Concentration. Contamination, Contamination,Loain Samples Mg Be/mw p• Be/63 p• e/m0

Mix Bay 29 0.312 5.8 0.003

Control Room I

4..3. Smear samples were taken in the mixing building periodically to

determine an approximation of the location and quantity of sur-

face contamination that was present. Thay also served as a

means of determining the effectiveness of decontamination pro-

cedurrs. Fable . summarizes the results of this survey.

2'3



TABLE 4

SURFACE CONTAMINATION LEVELS

Average Maximum Minimum
Number of Contamination, Contal inaion, Contamination

Location Samples yg Be/1O0 cm2  pa Beel0 cm2  PE e/Oo cm2

Mix Bey 12 3.62 29.2 0.01

-. Mix Bay 4 0.024 0.07 0.008
Control

Room

4.4 Suanry and Conclusions

4.4.1 The handling of beryllium powder in the production of propellants

can be conducted without excessive exposure to personnel if

normal industrial hygiene practices are followed. Ventilated

glove boxes or hoods with adequate face velocities of air across

the openings readily contain the powder@ which my be generated.

The sizuing operatiou also can be done without generating air-

borne contamination if the mixing area is adequately closed.

Following mixing, the propellant represents only a minor hazard

in terms of generating an airborne hazard. Adequate care must

be exercised to avoid excessive skin contact with the propellant,

since ingredients other than beryllium my have adverse dermal

effects.

',.4.2 The initial effort to contain the beryllium powder during weigh-

ing and transfer by means of local containment in plastic was

not successful, as shown in Table 2. After installation of the

glove box, the measured airborne concentrations were greatly
reduced. When the mixing bowl is raised remotely in position,

visible airborne powder may be generated. Although this opera-

Lion is conducted remotely, several amir samples reflect this

excessive dust prosluctitn in the mi% hay. In general, e.nvtrnn-

mental ,sampling u•t. condiucted iliring ljiraiods (if time and in

I o•ilLion whire exci-a 4 ive c ntn..minaltifll w.DI i tnt cips.ited. ll,'

4trmple. oh(,54h,'ti minis t ri 'i,,nee ntra t i oriL nmiily r,~rls.l.t 1a:l'skjgrv),i1nd

',ondli itint; ,ir .|io.n ,tliininvmolg due' vity uit.mt ', a,,, ure• . i n Oil- a rt-it.



5 .0 FROPSUANT CURING AND PW~ABATICKI-NEVADA

5.1 Facilities and Equipment

5.1.1 Propellant curing, trimming, and installation of the grain in

the firing hardware were conducted in the motor preparation orea
of the firing building. The cast grain@ were transported to
the building by band truck, permitted to cure In the room atmos-

phere, and trimmed for insertion in the firing hardvare.1

5.1.2 All personnel manipulatizg the cured grains during this operation
were provided vith a complete set of protective clothing and a

respirator.

5.2 Operational Procedures

5.2.1 All personnel working on the beryllium propellant were required

to wear complete protective gear, including a "high efficiency"

filter respirator. Because the beryllium was intimately sixed
with the propellant, no excessive airborne contamination was
anticipated during these operations. Decontamination was required
in a"e&s where the grain was processed to remove bulk trimmings.

5.3 Environomenatal Data

5.3.1 Air samples taken in the motor preparation room of the firing
building revealed concentrations of 0.02 and 2.9 p a/m3 during
motor firings in the firing bay across the bleat wall. No other

air samples were taken in the motor preparation area.

5.3.2 Swesr surveys f or surface contamination in the motor preparation

srea indicated contamination levels of 0.08, 0.5, and 0.02 OC/

100 ca 2 These surveys were taken at various date@ during the
completion of the program.

5*.4 Summary and Conclusions

1.4..1 The a~vailable air sampling data do not adequately reflect the

processing conditions which my be encountered during grain trim-

ming and curing. However, the low Purfaee con~amjnation levels

iu1ggest that only very --mall quantities of beryllium in pn~hdor

form can be removed from the mized and formed propellant.



o n SMALL MOTOR PREPARATION AND TlSTrNG--PRVOiqTIlON

FIELD lABORATORY

().1 Facilities and Equipment

6.1.1 As part of the propellant formulation program, various 2-inch

beryllium-containing teat motors were produced and teat fired

at the Propulsion Field laboratory (PFL) at Santa Susana. The

facilities available for beryllium handling at this facility

include a laboratory building, an entirely enclosed mixing and

firing system, and a changa area. These areas are shown in

Fig. 2 and 3.

6.2 Operational Procedures

6.2.1 All powder handling was conducted in the ventilated hood or glove

box of the beryllium laboratory. Mixing is conducted in an

enclosed mixer adjacent to the firing stand. Pressing and cur-

ing of the grains was conducted in the beryllium laboratory.

All personnel involved in these operations were provided with

complete protective gear, including respirators. Personnil

were required to decontaminate the area after each day's
operation.

6.3 Environmental Data

6.3.1 The air samples collected at the beryllium facilities at PFL

are summarized in Table 5.

tABLE 5

AIRBOILNE IERYLLIUN CONCENT1ATION

Loca t i on C. ncenrtra t icon, PA I1./'m3

Ofif ire, o. o6

Us 1Jb)tr;, tory 11.02
Ne.ar Firing Sta.ndl Dic uring '. 4 taog 0.H6
labora tory ).1)8

f 1, riri t}I..)()
Noit, rn C,r i ry 0}.0017



6.1.2 Ventilation surveys of the hood were conducted early in the pro-

gram. The face velocity of air moving into the open hood was

100 fpm. No problems of source control were anticipated based

upon this control velocity.

6.4 Summiry and Conclusions

The fabrication and testing of the 2-inch beryllium-containing

motor* weo conducted at PFL without the development of exces-

sive airborne beryllium concentrations in the working area. The

"implementation of normal industrial hygiene practices provides

adequate control for the material during the fabrication and

test firing of the motors.



7.0 STATIC TEST FTR•NG--NEVAIlA

7.1 Facilities and Equipment

7.1.1 The location of the test building at the- Solid Research Site,

Nevada, is shown in Fig. 10. The cells where the static testing

is conducted are open on the eost side, and the combustion prod-

ucts are dispersed in this direction. The completed grain and

supporting hardware are installed on the mounting supports

inside the cell. Instrumentation leads and igniter connections

are installed. The test is conducted remotely by the personnel

in the control center. Earlier tests were conducted prior to

the installation of a concrete pad in front of the firing stand.

During March 1963, an extended pad wan installed in front of

the firing bay to reduce the excessive airborne concentrations

of beryllium found in this area during motor hardware cleaning.

The concrete pad was installed with curbs which drained the

wash water from the pad to a newly installed underground sump.

7.1.2 The location of the control center is also shown in Fig. 10.

All site personnel are required to be in the control canter

during static test firings for blast protection and for protec-

tion from excessive airborne contamination. All external open-

ings to the building are closed to restrict inward diffusion

of airborne contaminants.

7.2 Operational Procedures

7.2.1 All personnel in the vicinity of the test stand are required

to wear complete protective gear during final assembly of the

motor hardware, connection of instriiment lI.ads, and installa-

tion of the firing mwehaniism. After arming the. motor, permoan-

tel et-nter th.e control rooo nind remwin in the clopied room for a

paeri4oil of tit Ieast 21 ) minfutel asfter the firinag.

7.2.2 A ftir firing, ;erionnel ,.uring clmpl.- p prottective clothing

.Ini | l' lrlt F,.-...ntr th.e t,-at iiia l ,,r.*cg for ,li'ics emhJily

*sreJ g w.u ti. r je , . i. , . I,I C illia~e g j t- C :,' ,014. 1`114! ' 1ti111

.i ' 6113 ,, pi -, I ,ist, a shoi i t'l j oj~ ,t, r i' ,r t j wo}']|rk tig -ng tlt,
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7.3 ftvironmental Data

7.3.1 \ir sampling vwe conducted during the various operations associ-

ated with the static test firings. Table ni *umirises the

results of the monitoring program conducted in various areas

during different operations in the test.

TAB•LE 6

AM CONCENTRATION, TEST STAND ARFA

Location Number Average Maximum Minimum
and of Concentration, Concentrat on, Concentration
Operation Samples PM Be/a 3  P6 Be/mi ys Be/i 3

iring Bay 2 23.8 34.2 13.4
N Dring Firing

iring Bay During 4 26.3 61.5 0.35
leaning and Motor
moval (before pad

installation)

iring Bey During 4 2.66 5.22 0.03
leaning and Motor#
usovel (after pad

installation)

ontrol Center 1 0.05
ckground

ontrol Center 10 0.44 2.0 0.0003
uring Static
eiting

7.3.2 Air sampling use conducted at a number of different on-dite

ljcations during various pihames of the program. ruble 7 sum-

rmri/es the 4umpling data raille.ted in various locatiols ,in

tie 4itp. ihese data repre-tiut be~ueraa lackgcruuund conlceltri-a-

t1iolli vii the .41t, at the Lime uitld posI)tIoLinii d,-4,i giated. S.nmplo.,

't and 8 1j., cat.,,d m,,m,.whh.t h.ii her ',ne nrit iollt l' il Of u1ir-

, ht.ry ii l ' .I ltlau t:;I'Iht 1w o ii o-sp)sted, ,and .arq lJr,,l,.hihl

'!." r .•ilt f If,, ,I '.*ii.. . , pl-. a ',ii. Ut iia li ll ' n 41 ir r+

Ii'



TABLE 7

AIR SAMPLING IUMULTS, NLVADA

Date, Sample Time Concentration, Time of
1902 No. Location and Operation On Off Og De/n 3  Firings

9-18 1 Ten feet north of control 1435 1530 0.04 1445
center during and after and
testing 1715

2 Fifty feet upwind of 1437 1645 0.01
firing bay

3 Fifty feet upwind of 1656 1747 6.5
firing bay

4 At grid station A-9 1745 1800 0.13
after firing

9-19 5 Fifty feet upwind of 1400 1700 0.28 1515
firing bay during tosting and

1707
6 Ten foot north of control 1400 1545 0.04

center during motor test

7 Ten feet north of control 1545 1645 10.3
center between firings

8 Fifty feet upwind of 1700 1830 0.26
firing bay during test

7.4 Summary and Conclusions

7.40.1 ,4,nitoring data indicate that excessive airborne beryllium

concentrations are present in the firing bay during static

teot firings and during removal of the motor hardvare after

completion of a test. The data indicate that a significant

reduction in the airborne concentration can be effected by

intsallation of a suitable concrete exten-sion on the firing bay

•.1atch provides improved decontamination in the area The mig-

itiflc'iztly hzither air conce',ntratiions noted prior to initallation

-I f.l:,. c,,ncrete pad .iigg,.-t that th.* , ' v. r rentr ti-Ai

ur, generated by 4urface ',.zztaminatiofn off ihe .4,il in frort

,f rtf:e fr•.r•g bay.
* , '* . I • r r .,f ftl, ,i ,,, Ie. r3 , uli(,i 'it ;t~ a i *L,, J,,- ,,I r..rtf.re,,

*", .,i!pettr4 t, "' -. t.f.i '.e..?' ry. •', ,,zc,',, l , ,~ i .,. ''~ ra ll

'-' . 1'•'| III tt j g,.g .l O I; I , ( l' rl t:•. i•.,.t .*lcin 'Fe..|l flrciE

I"1



7,,3 rThe firing bay area wae a "restricted area" throughout the coa-

pletion of the test program. All personnel were required to

wear a complete net of protective clothing during entry to this

area. No respiratory protection was required in the control

center during static testing.

7.4.4 The teot firing of beryllium-containing solid propellents was

conducted without incident and without excessive personnel

exposure, as indicated by the measurements during the program.
However, strict adherence to procedures is required by site

personnel to minimize the exposure of the test operators during
the post-test disassembly work.

.()



8.0 ATMOSPtHERIC DIFMSION STU1DIES

8.1 Equipment

8.1.1 An air sampling network was located downwind of the firing bay to

determine the concentrations of the beryllium clouds at varying

distances from the discharge point. Figure 10 shaos the location

of the sampling network relative to the Solid Research facilities.

The samplers on the 600-foot grid were "high volume" samplers oper-

Sy ated from a portable motor-generator unit. The samplers located

on the 1800-foot are were gasoline-driven sampling pumps.

8.1.2 Several techniques were used to determine the cloud's trajectory

and the relationship of the cloud's center to the air monitors.

Photographic coverage from two fixed movie cameras and one sequence

camera was made for each test. By analysis of these films it was

possible to approximate the horisontal and vertical travel of the

cloud relative to the sa"pling network. Because the samplers were

placed equidistant frm each other on the area, it is possible to

plot a normalized curve of the crosswind distribution of the

clouds. Upom comparison with Sutton's point source release equa-

tions, the measured concentration was found to be somewhat loss

than the calculated concentration.

8.2 Sampling Procedure

8.2.1 The sampling network was started about I hour prior to the sched-

uled firing since the gasoline-motor samplers had to be started

manually. Also, the monitors operated for about I hour after the

relesse of the cloud. The filter papers were changed at the com-

plettin of the sampling run for each firing. The papers ware

immediately submitted to the laboratory for analysis.

8.2.2 All personnel entering the dowinwmnd sampling area were required

to wedr d complete "et uf po.rsonal pro)tective gear, including a

respiratur.



8.3 Sampling Network Results

8.3.1 Sequential photographs of the cloud diffusion are shown in Fig. 11

and 12. These photographs are fAirly typical of the usual cloud

dispersion after a static test firing.

8.3.2 Table 8 summariaes the results obtained from the downwind sampling

network during various teat firings of beryllium-containing motors.

The total integrated concentration of beryllium is given at each

sampling station on the netvork in jag-min/m3 . The average flow

rate of the samplers in m3 /nin was divided into the total beryl-

lium in microgram collected by the sampler to obtain the T.I.D.

8.3.3 Using Sutton's equation fcx total integrated dosage (T.I.D.) at

the ground downwind of an instantaneous source, the Rocketdyue

Meteorology Unit calculated the To t the 1800-foot sampling.
_h2

T.I.DV C2 the T1 .D. 2

where

?.I.D. - total integrated dosagea, U-win

10

Q - source strength or weight of beryllium released,
grams

C2  - diffusion coefficient (for isotropic turbulence)

S - mwans wind speed, maters/second

ut = sample distance downwind, meters

a - stability parameter (range 0 to I)

h - height of smoke plume at sampler, meters

For each diffusion study (Table 9), the values for C 2.ere assigned

according to the stability parameter n, and the height of the center of

the smeke plums, b. The values for n (between 0.22 and 0.27 in this

neris) were based upon the vertical tempersture gradient mas indicrated

by temperatures recordd nt different elovatitain -in this site, tind hhe

,l ,,,jd t
i.lght -.as ,.'tiatej fr,,m the tria,,gtipliu,, m-ti,,ii picture..s ,if
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TABIZ 9

EIPmIMENTAL VS THEORETICAL DATA

ON CLOUD DIFFUSION

Calculated Measured
Diffusion T.I.D., T.I.D.,3
Study Number Date g-mmin/0n yg-min/Im

1 9-18-62 1720 1540

2 9-18-62 2360 5180

2 9-18-62 ,2140 960

3 9-18-62 216 765

% 9-19-62 14200 14500

4 9-19-62 4180 1330

5 4-11-63 400 152

6 4-11-63 200 164

7 4-13-63 Cloud did not contact samplers

The mean wind speed (i) and wind direction were read from recorded data

using Beclman and Whitley instruments located in the test area. The

value for C2 (for n - 0.25, and h varying from 50 to 100 meters) was 0.01,

the wind direction was from the west to southwest and the speed averaged

5 meters per second. There was less than 0.5 cloud cover on those days.

8.4 Summary and Conclusions

8.4.1 The sampling network provides a means of measuring the average

concentration of airborne beryllium at ground level downwind of

the release point. Photographs of the cloud path Permit estims-

tions of the time that the cloud %as in contact with the network,

annd my be umed to verify the paith 'if the clotd in the downwind

it red.
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8.4.2 These studies suggest the tollowing conclusions:

1. In most cases, the methods of calculating the downwind con-

centration of airborne beryllium appear to yield a higher

?.I.D. than the measured value. This method of estimating

the downwind concentration at the Solid Research Area can

be used with reasonable confidence for smail motors.

2. Because the samplers cn the 1800-foot grid were placed 200

feet apart, the peak concentration probably was not measured.

If an infinite number of samplers were used, the measured

concentrations would be closer to the calculated values.

3. The average exposure of personnel in the downwind area can

be estimeted from the calculated and measured downwind

concentrations.

8.4.3 More data should be available to substantiate the conclusions

reported in paragraph 8.4.2.

39



9.0 GENERAL ENVIRG fNTAL SA)WLING PROUGRAM

9.1 Sail Contamination Surveys

9.1.1 Soil samples coneisting of I sq ft of moil surface I inch deep

were collected at the Santa Susana beryllium facility and at the

Solid Research Area, Nevada. The samples were sieved to obtain

the 325-mesh fraction. This fraction was submitted for analysis.

Table 10 aummrizes the data obtained from these samples.

TABIB 10

SOIL SAMPLE DATA

Concentration,
Location Date, 1962 Mg Be/gm soil

Senta Susana 4-5 1.35

Santa Susana 4-5 0.95

Santa Susana 4-5 0.66

Nevada 7-3 0.19
lNeva 7-3 0.163

Nevada 7-3 None Detected

9.1.2 Additional soil samples were collected during December 1963 fol-

lowing completion of the static test firings at Nevada. The

analytical results have not yet been received. A periodic soil

sampling program will be continued in the future as a company-

sponsored program.

9.2 Off-Site Air Sampling

9.2.1 Background air aampling in the vicinity of the Nevada site was

conducted perioxiically during the completion of the static test

firings. table 11 suinri/es the results of this off-iste

4ItMplinig pr,,grmm. Fieure l3howm location of the sampling sit*.
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UnixE I I

1FF-SITE AIR SAMPLING RESULTS

Start Concentration,
Location Date P Be/m3

Rano, Nevada 7-17-62 2 x 10-4

Sky Ranch 7-16-62 3.5 x 10"4

Rano, Nevada 3-22-63 5.9 x 10-4

Rano, Nevada 3-27-63 2.1 x 10-3

Rano, Nevada 3-30-63 3.7 x 104

Sky Ranch 3-22-63 3.2 x 10-4

Sky Ranch 3-26-63 1.5 Z 10-4

Sky Ranch 3-28-63 9.1 • 10-4

Service Building 12-18-63 4 • 10-4

Liquids Ares 12-17-63 5.2 x 16-3

9.2.2 Eight additional samples were taken at the above locations during

July and August 1962. No beryllium could be detected on the

filter papers submitted from these samples.

9.3 Water Sampling and Analysis

9.3.1 Water sampling and analysis were not performed during the course

of the program. However, a method of evaporation follovwd by

spectrogrephic analysis was developed during December 1963.
Samples of water from the wells at the Solid Research Area and

the Advanced Liquids Area were analyzed during December 1963.

lHoth snmples indicated concentrations of less than 0.02 i)!N.

,).1.2 Wat,.r •ampliitg or vtjrface and underground wat.r• in variois 4.tte

I i,.tinis will be, incorporated into future. prigrO.ms #It the,

\~vdia -4 1 L o.

N.'VIIIII .- t.t



9.4 Summry and Conclusions

9.4.l In general, a more rigorous program for evaluating off-site

atmospheric beryllium concentrations should be implemented to

adequately evaluate all off-site areas. Off-site sampling

should include the populated areas east of the facility. The

data presented in Table 11 indicate no excessive atmospheric

concentrations of beryllium in the areas sampled. Future pro-

gram plans specify an expanded environmental sampling program at

Nevada8

u s



10.0 Sml cGURoIs, 'JEVAm

10.1 Visible Warning Systems

10.1.1 All buildings at the Nevada Solid Research Area which are pro-

cleasing beryllium are designated by a flashing red light on the
building. A similar warning system is instituted on buildings

where formed and pressed grains are stored, processed, or test

fired.

10.2 Test Firing Alarm System

10.2.1 Visual and audible alarms are activated at established intervals
prior to a static test firing. The visual and audible alarm
system provides a warning to all personnel on the site. The pro-
cedures for conducting a test ares specified in the site opera-

tional procedures.

10.3 Physical Restrictions

10.3.1 All access roads to the Solid Research Area are closed during
hasardous processing and test operations on the site. Warning
signs are posted at the entry to the site. All personnel enter-
ing the site must telephone the site control center for permis-

sion or instructions prior to entering the area.

10.3.2 Vehicle and personnel barricades are arranged on the site to

prevent entry to specified areas because of blast or contamina-

tion hazards.

10.3.3 Contaminated areas are designated on the site in the firing bay

area and the mix building. These areas have been found to con-

tain excessive surface or airborne contamination at various peri-

ods during processing. Complete protective apparatus must be

worn by site personnel entering these areas.

10.1, Meteorological Controls

l0.!i.l Test firingg are only conducted when specified meteorological

(-)n~djt~ion at the tes~t itito.have bee~n netL. For the Sol id

114N,.earch 1 ac iii , itatte tentins may ho. eotithics* throtiaghtut.

tho~ daYs -heni Lh.' wl bII jW4 f rom tho. 4fouth-4q),jthw#-,4#, thlr~olig

.1t~ -t a, 41)--d groitetr t~han 4 knots, mind '- th It4 ti tban OJ*I

$lot



cloud cowr. Th*me paramters wre chosen only for osfe on-sit.

considerations, since the quantity of mterial vas considered

to be too miniml to create an off-site hazard.

p,.



11.0 PEtSOML PROTECTP EQUIPMW

11.1 Ge•eral Site Areas

11.1.2 Personnel employed at the Solid Research Area, Nevada, are not

required to weer special protective clothing unless they are

required to operate in a specified contamination area or are

required to manipulate materials or equipment which my have

excessive surface contamination.

11.1.3 Otmilarir, personnel at the PYL beryllium facilities are not

~ ired to wear special protective clothing unless operating

in s@0ntaminsted area or handling highly contaminated hardware.

11.2 Restrio4ed Areas

11.2.1 The contaminated areas at the various facilities are as follows:

l.'-\Nix Bay, Mixing and Costing Building, Nevada

2. Firing Boy, Firing Building, Nevada

3. Firing Bay Pad and Downwind Diffusion Area, Nevada

4. Beryllium laboratory,, PFL

5. Beryllium Mixing and Firing Area, PFL

11.2.2 The minimu personal protective equipment that must be worn by

personnel working in the areas listed in paragraph 11.2.1 is

as follows.

1. N.S.A. "Comfoe" respirator equipped with "Ultra Filter"

Type H canister or N.S.A. "Dusfoe" respirator with Type H

"T;ILra Filter" cianister. A full-face N.S.A. canister

respirator is also available for use at the site.

2. Coveralls which have been treated with flame-retardant

materia ls.

1. U~nderwtar

4. IJoot.g or pln-iti" -4iL oos ,',vprq.



5. An air line breathing system is installed in the firing

bay. The system utilises bottled breathing air and Scott

full-face -seks. The masks my be used on the air line or

when the air line is disconnected, the mask automatically

converts to a filter respirator.

",7



12.0 DRCCNTAND(ATION

12.1 Contaminated Areas, Nevada

12.1.1 The static teat area is jomediately washed with water following
re-entry of personnel after a firing. The exterior of the motor

hardware, as well as the test stand and concrete pad, are also

washed with water. The hardware removed from the motor is

taken to an adjacent area of the pad and washed in water to

remove all asable beryllium. Following water wash, the hardware

is coated vith oil to ensure that the surface will remain 'wet."

12.1.2 Similarly, the mix bay is washed with water after each grain

preparation. hrdware is decontaminated in water or appropriate

solvents to remove beryllium and other residual materials.

12.2 Contaminated Areas, PFL

12.2.1 Decontamination of various areas and equipment is also accom-

plished with water and a wetting agent. All decontamination

operations inast be done wet vith personnel adequately prote.*ed.

12.3 Decontamination of Clothing, Nevada and PFL

12.3.1 All garments worn in contaminated areas of the Nevada site are
washed in a machine provided on the ut.. Clothing from the

PFL operations is sent to a laundry specializing in the decon-

tamination of protective clothing. The final rinse water from

each batch of laundered garments is analyzed for beryllium by

The Smith-Emery Company, Los Angeles, California. Normally,

the beryllium content is less than 0.1 �Jg per liter of water.

12.3.2 Personnel veering protective clothing are not permitted to veer

the garments off the ait�.

12.'. I'er�eonnel Decuntoainati'mn

12.'..! ('l.tnge rooms 'are. �avalIab1s at both facilitic�. to pruvid.� an

ru�a r nr the. changing of ci ott� ing unit t eej bit t.h ing . A � hove*r

na Li� , Lh�� ' �eaat..em i nit Le�'i �e.e' t inn f mm Lhe� �: I van i a d.� ..r t.,e.

Li.'iU tee I.a.* I I a It te� I:1 ri..,meiv I .I..ceetitanij aua Li "a

'4



12.4.2 Operatiomul procedures specify that all personnel vorking in
contaminated areas will shower before leaving the site.

-N



13.0 WASTE DISPOSAL

13.1 Liquid Wants, Nevada

13.1.1 Wash water from the Nevada test stand is permitted to drain to

a ***page pit adjacent to the firing pad. The pit is approxi-

motely 15-ft*t deep and partially filled with rook. The sur-

face is covered with earth over a protective metal cap. Water

from the change area in drained to a septic tank system adjacent

to the change room.

13.2 Vest* Disposal$ FVL

13.2.1 Liquid maote from the scrubber system is filtered prior to

release to the local sanitary sewage system. The aslid wastes

generated in the operation of the laboratory are transported in

drum to the Waste Disposal Seotion, Atomics Internatioual, for

final disposition with radioactive waste. Since only lbmtead

volusa of solid astes are generated, this method has been

selected because of convenience rather than necessity.

13.3 Solid Conteminated Vate, Nevada

13.3.1 All solid waste, is placed in a trench located about 100 feet

from the firing bay pad. The trench io about 5-feet deep. The

material my either be covered with earth or burned, as in the

case of waste beryllium propellant. The burning of waste grains

is conducted while utilizing all the precautions normal to a

static tooting of propellant. Final disposition of the waste

includes an earth covering of % feet. Efforts will be made to

prevent disturbing of the burial site when it is finally closed.



14. *0 ENVh"I0IAL HaRITSRING

14.1 Equipment

14.1.1 On-site air monitoring is conducted with high-volume Staplex

or Unico air samplers. Whatman's No. 4. filter paper is used

as the collecting medium.

14.1.2 Off-site air sampling is done with low-volume samplers using

Whatumn's No. 4.1 filter paper as the filter medium. One Gelman
Dantan air sampler mod one Gelman portable continuous air

sampler are used for air sampling in off-site areas..

14.1.3 Fifteen Filtronios, ovstomudesipea gasoline-drive. air samplers
were used an the dewvvind sampling system. The sampler operates

at 13 12 ofm using a Wbatmen'. No. 41 filter paper (11 om) for

collection. The downwvind air samples cellected mn the 600-foot
are were taken with 110-volt highi-velum samplers powered by

notor-generster unIts installed em the are.

14.2 Calibration Methods

( ~All higb-ve1um air samplers are periodically calibrated with a

venturi flowmeter and water mannmeter. The primary calibration

of the flowmster has been done by the aocketdyne Metrology

liaboratory. At the time of calibration, the rotometers are set
to provide a true air-flow reading at one point. If the roto-

mater deviates significantly over the total range from the true

air flow, the correct flowrste is established by means of a

calibration curve.

14..3 Sample Hfandling

14..3.1 All air sample paper removed from the samplers in folded so

that the exposed surface is enclosed and placed in an envelope,

the sample data are recorded in a log book, and the siample is

*ubmitted to the laboratory for analysis. Periodically, blank

nample papers are submitted to, determine the extent iof croiq

contamiuia t ion.



14.3.2 bsaer samples of usrtaee oontamination ore obtained by lightly

robbing a 1-inch-disiater disk of Whatmon's 41 filter paper

over the suspected snursae area. Am area of approximtely

100 eq on is wiped by this technique. The sample is folded so

that the expoeed area is inward, placed in an envoelope, a-nd sub-

mitted for analysis. Because the technique my vary signifi-

catly, the data must be interpreted only as a very rough Indi-

catiwiof surface contamination levels.

14.4 Momiterirl hniques

1t.4.1 Throughout the course of this program, the primary concern has

bee to evaluate the beryllium ezposure of on-site pereonnel.

Thus, sampler locatioms have been established in areas whore

site peoaanel do not wear respiratory protectimo; also samples

have been taken in those areas where peresmnel are required to

wear respiratory protection. Of secondary concera, lecatiems

en site and areas downwind of the static test firings where no

personnel are exposed, have been evaluated.
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15.0 ANALYTICAL SEVICES

15.1 Sample analysis for beryllium was provided by the following

laboratories during the course of this program:

1. Truosdail Laboratories, Los Ange~os, California

2. Analyst's Incorporated, Oakland, California

3. The Rocketdyne Research Department, Analytical Chemistry

Unit, Canoga Park, California

15.2 The samples were analysed by the wet method using the Morin

technique or by emission spectroscopy.

15.3 To evaluate the capability of the contract laboratory services

utilized by Rocketdyne, beryllium standards prepared by Bivarda

Air Force Base were submitted to both Truesdail Laboratories and

Analyst's Incorporated for comparative analysis. Table 12

sun...ris the results of these analyses.

TABLM 12

C(PAATIVE BERYLUIi4 ANALYSES

Truesdail Analyst's Edwards Air
Sample Laboratories Incorporated Force BaseDesignation (/g Be) (pg Be) (pg B*)

A 0.o.24 0.40

B 21.0 20.0 20.3

C lbO.0 150.0 151.6

D 2.1 ,6.. ?, 2.3

E 0.011 0.00', O

j3



16A SHAFX AND CONUMCWI

16.1 The Industrial Etgiee sand Safety Program (Task 1) has demonstrated

the feasibility of producing, handling, and test firing

beryllima-containinig propellants without excessive personnel

exposure. To achieve this end result, the task has required

action in the following areas of concern:

is Review all facility Installations and modifications of

existing facilities and make appropriAlto recommendations

for exposure control.

2. Review installations specifically designed for the control

of beryllium and evaluate the effectiveness of the device.

3. Review the development of procedures for various operations

conducted on the site to prevent excessive exposure and for

other aspects of employee safety.

4. Conduct an enviromental sampling program to evaluate the

meed for controls or to determine where controls are too
stringent sand my rationally be relaxed.

5.Determine the need for specific personal protective appara-

tus and aske appropriate recommendations regarding the

duration and location where such devices are necessary.

6. Train operating personnel in the need for protective devices

and apparatus, the hazards associated with beryllium bandl-

ing and suggest ways to provide control of the process

without causing unnecessary work restriction.

16.2 In conclusion, no excessive exposures have been recorded during

this program. The handling t~echniques have been deveLoped to

provide adequate control without causing undue restrictions being

placed upon operational, personnel. The initial attitude of

apprehension which was prevalent among operational personnel

during early phases of the program has gradually been converted

to an attitude of confidence. This confidence is baaded upon a

realistic atpproriation of Chi- nssociated hazaird and is ksuwleidge

of the me-ans to conk$roi the. hta.ird.



APPEN4DIX A

The following are documents on the toxicity and handling of beryllium

and its compounds which may be of interest.

1. Health Hasards From Beryllium. Morrie Eisenluid, Health and Safety

Laboratory, %.S. Atopic Energy Commission, Now York. (Chapter 12

from the MetarZryllium, Donald W. White, Jr. and JosephE. Burke,

American Societyý7&Metals, Cleveland, Ohio, 1955, 620-640.

2. Health Protection in Beryllium Facilities. Summary of Ten Years of

Ixperience. A.j. Breslin and W. B. Harris, U.S. Atomic Energy

Comisuion, Nealth and Safety Laboratory, Nov York Operations Office,

Report No. MSQ6, 1 May 1958, 58; U.S. Office of Technical Services,

Washington 25, D.C., $1.75; ANA Archives of Industrial Health,

Vol. 19, June 1959, 596-648, Bibliography.

3. Beryllium and BerylUouis. J. Schubortl, (Scientific American,
Vol. 199, No. 4, Agusot 19%, 2-3).

4. Beryllium Handling-Reducing Health Risks. R*O#R. Brooks, (Nuclear

Power, Vol. 3, No. 23, March 1958, 112-114).

5. Beryllium: Hazard Evaluation and Control in Research and Development

Operations. E. C. Hyatt, U. F. Schultz, and others (AMA Archives

of Industrial Health, Vol. 19. Feb"-ary 1959, 211-220, si.

references).

b. Beryllium Safe Hlandling Practices. Webster Hodke, (Defense Metals

Information Center, Battelle Memorial rnatitute. Columbus. Ohio,

I]I4C Memo 2, 22 September 1918, 13) LD-•U9 799.

7. Disability Fowid in PlermOns Exposed to i',.rtain Beryllium Compounda.

If. L. ifurdy, (AMA Arrhiv,.. of Iudu.itriaal Hea.,lth, Vol. 12, August
19')53 INO-IMI),



8. Pathologic Changes Induced by Beryllium Compounds. L. T. Varwald

and A. L. Reeves (AMA Archives of Industrial Health, Vol. 19,

February 1959, 190-199, Bibliography).

9. Physico-Chemical Studies of Beryllium Complexes. V. The State of

Beryllium in Blood. Isaa Feldman, Jean R. Havill, and W. F..Neouan.

(Rochester University, New York, Contract W74'Ol-eng-49, Report No.

UR-246, 17 March 1953, 23, 25 references) AD-12 457.

10. Practical Ways to Collect Beryllium Dust. I. A. J. Breslin and

V. B. Harris. (Air-ERugineering, Vol. 2, No. 7, July 1960, 34).

11. Problems in the Control of Operations in a Beryllium-Processing

Plant. Harry N. Donaldson (AMA. Achives of Industrial Health,

Vol. 19, February 1959, 221-224).

12. Safe H-adling Practices for Beryllium. Webster Lodge, Battelle

Memorial Institute, Nonferrous Metallurgy Division, Columbus, Ohio.

(Metal Progress, Vol. 76, July 1959, 142).

13. Safety Procedure With Beryllium. Henry Allen, (Light metals, Vol. 21,

No. 238, January 1958, 25).

I14. Toxicity of Beryllium. J. Cholak, L. 11. Miller, and Frank Prince.

University of Cincinnati, Kettering Laboratory, Ohio, Contract

AF33(600)-37211, Quarterly Prcgreas Report, Technical Report No.

AMC-7-665, 1958, 25, 10 references) AD-15 "-72.

15. Toxicity of Beryllium. C. S. Pomelee. (Sewage and Lndustrial

Wastes, Vol. 25, No. 12, December 1953, i1%24-14,28).
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